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During the summer of 1904 a large number of young Necturi 
(15-18 mm.) were decapitated by pinching with fine forceps. 
T h e  heads were cut off, at slightly different levels, at about the 
exit of the common trunk of the seventh and eighth nerves. 
Although the percentage of fatalities ran high, many of the larva: 
lived until the yolk was absorbed, usually about three months. 
T h e  larva used in the following experiments were decapitated on 
July 10 and in early September they had grown to a length of 30 
mm. 

That  the young and old Necturi are negatively phototropic is a 
matter of everyday observation both in the natural environment and 
in the aquarium. 

In testing the effects of various kinds of light on the normal and 
decapitated larvae they were placed in a small glass aquarium about 
60 cm. long, 30 cm. deep and 25 cm. wide. One-half of this 
aquarium was then painted black and the top covered with a 
black board. T h e  larvz, both normal and decapitated, were 
then subjected to sunlight of varying degrees of intensity. T h e  
rays were condensed by a hand glass and by concave mirrors, and 
were also passed through ground glass. T h e  light of the room was 
controlled by an opaque curtain so that varying degrees of inten- 
sity could be obtained. 

I n  order to test the effects of artificial light, the normal and 
decapitated larvae were taken into a photographic dark-room and 
the aquarium was placed in such a position that a sixteen candle- 
power electric light illuminated one-half of the aquarium. I n  the 
same manner one-half of the aquarium was exposed to the light 
from an arc lamp. Further experiments were made by controlling 
these lights with condensers. and mirrors. In  all cases both the 
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normal and the decapitated animals, when together or separate, 
react in the same manner as they do in diffuse daylight and direct 
sunlight. They are negatively phototropic. 

I n  case the normal larva: are unable to escape a bright light 
they almost invariably orient themselves in such a position that 
the light falls with equal intensity upon the two sides of the body. 
It was also noted that in the great majority of cases the heads were 
turned toward the light. T h e  decapitated individuals showed the 
same orientation, except that the heads were about as frequently 
turned from the light as toward it. 

A sharp pencil of rays of either sunlight or electric light when 
thrown on the tail of the normal animal causes a quick response. 
This indicates that the tail is especially sensitive, which is in 
agreement with the observations of DUBOIS on Proteus. In  the 
same manner the decapitated animals respond more readily when 
the rays are concentrated upon the tail than when they are concen- 
trated on other parts of the body. 

During the summer of 1902 larva: were reared in glass aquaria, 
beneath which were placed pieces of black, white, red, yellow, 
green and blue paper. Although a large number of counts were 
made to determine the percentage over the different colors, a t  
successive intervals, there seemed to be no decided preference for 
one color over another. A second set of observations, the follow- 
ing year, seemed to show that by far the highest percentage of 
larva: were found over the green, whether this was placed on the 
side of greatest or least diffuse daylight. 

I n  1905 the same experiment was repeated with the decapitated 
larvae, but fifty-two counts showed nothing definite beyond the 
fact that the larvae were most frequently found on the colors in 
the half of the spectrum toward the violet end. 

It is of interest here to recall that DUBOIS (’90, p. 356) says: “ I  
have observed that Proteus, under the same condition as the blinded 
Triton, shows a preference for the following colors in a decreasing 
series: first, dark, then red, yellow, green, violet, blue and white 
light.” In the Proteus with normal eyes DUBOIS found the reac- 
tion towards the various colors was in the following decreasing 
series: first, dark, then yellow, then green, red, blue, violet. It 
should be added that these results were not obtained with mono- 
chromatic light. 

Concerning the reactions of Amphibia to light, there is some 
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difference of opinion. T h e  earlier observations of GRABER 
('84, p. 121) seemed to show that Rana esculenta is negatively 
phototropic and LOEB considered this probable. PLATEAU ('89, *p. 
82), however, found that R. temporaria is positively phototropic. 
PARKER ('03, p., 30) also found that R. pipens is positively photo- 
tropic, not only in the normal condition, but also when the eyes are 
removed. Later Miss TORELLE ('03: *p. 487) discovered that 
Rana virescens and R. clamata are positively phototactic at ordin- 
ary temperatures, but that raising the temperature to 30' C. accele- 
rates the rate of positive response, while a lowering of the tempera- 
ture to 10' C. produces movements away from the light. KORANYI 
('93, p. 6) says that microscopical changes in the retina of Rana 
may be effected by the exposure of the skin, as well as the eye 
itself, to light. 

T h e  results of experiments on Urodeles seem to be more uni- 
form than those of experiments on the Anura. CONFIGLIACHI 
and RUSCONI were probably the first to point out that some of the 
Urodeles are negatively phototropic. They noted that Proteus 
always retreats towards darkness. These investigators thought 
the effect upon the skin, rather than upon the eyes, caused the 
animals to seek darkness. GRABER'S ('84, p. 96) experiments on 
the young of Triton, in which he found them negatively photo- 
tropic, even when their eyes had been removed and their heads 
covered with black wax, led to the assumption that the skin can be 
stimulated by light. DUBOIS ('90, p. 356) who covered the eyes 
with gelatine and lampblack, concludes that Proteus distinguishes 
light from obscurity both by the eyes and skin, but that the der- 
matopteric sensibility is far less powerful than the ocular sensi- 
bility. WHITMAN ('98, p. 302) says of the young Necturus: "It 
is interesting to see how little the eyes are depended upon in 
finding a piece of meat. A bit dropped in front of a young Nec- 
turus receives no attention after it reaches the bottom. An object 
must be in motion in order to excite attention, and it is not generally 
the moving form that is directly perceived, but the movements of 
the water, traveling from the object to the sensory hairs, are felt, 
and in such a way as to give the direction of the disturbing center 
with most surprising accuracy. If a bit of beef is taken up adher- 
ing to the point of a needle and held in the water, the vibrations 
imparted to the needle by the most steady hand will be sufficient 
to give the animal the direction. If the meat falls to the bottom, 
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and the needle is held in place,.the animal approaches the needle 
and tries to capture it without paying the slightest attention to the 
meat lying directly below. If, after the meat has fallen, the needle 
is withdrawn and touched to the surface of the water behind or a t  
one side of Necturus, it turns instantly in the direction of the needle 
not because it sees, but because it feels wave motions coming from 
that direction. Long experience with Necturus, and with many of 
its nearer allies, enables me to speak very positively on this point. 
When it is remembered that in the higher animals the direction of 
sound waves is given by the auditory sense organs, which are pri- 
marily surface sensillae homologous with those in the skin of Nec- 
turus, it may not seem so strange that the animal directs its rnove- 
ments in the way described. Necturus can see, but it can feel 
(perhaps we should say hear) so much more efficiently that its 
small eyes seem almost superfluous.” 

All the facts thus recorded seem to show that the eyes of the 
young Necturus, as well as those of many other Urodeles, are not 
highly functional structures, and that when the animal is deprived 
of their use the dermatopteric sense adequately compensates for 
the loss. 

As PARKER (’05, p. 418) has well said, “The ability of the spinal 
nerve terminals to be stimulated by light may now be said to be 
established for certain fishes, amphibians and reptiles; and this 
fact is not without interest in connection with the theories of the 
origin of the vertebrate retina.” 

T h e  many attempts to explain the inverted position of the verte- 
brate retina early led to hypotheses by LANKESTER (To), BALFOUR 
(’85) and BEARD (’88) that the eyes are structures which have been 
evolved from light perceiving organs which were at one time located 
in the unclosed neural plate. BISCHOFF, KOLLIKER, HIS, VAN 
BENEDEN and others long since observed in mammals a very 
early appearance of the optic vesicles. HEAPE (’84) observed the 
optic vesicles in the mole when the neural folds were widely open 
in the head region. KEIBEL (’89) later observed that in the guinea 
pig a like early differentiation of the optic vesicles occurs. WHIT- 
MAN (’89) discovered that in Necturus there is a very early appear- 
ance of the eye, “its basis being discernible as a circular area long 
before the closure of the neural folds of the brain.” 

No one, however, had ever shown that the optic vesicles were 
present in the neural plate at the time the neural folds first appear, 



EYCLESHYMER, Reactions of Necturus.  307 

until the writer (’93) showed that in Rana palustris the Xnlagen 
of the optic vesicles not only appear as a pair of pigmented areas, 
but that these areas are made up of pigmented columnar cells so 
different from the cells in the remainder of the neural plate that 
there could be no reasonable doubt of their being specially differ- 
entiated areas. By following these areas step by step during the 
period of closure of the neural folds it was definitelyestablished 
that these areas formed the bases of the future retinx. 

Shortly after the publication of the writer’s observations LOCY 
(’93) found a series of depressions in the unclosed neural plate 
of certain Elasmobranchs which he thought represented paired 
sensory structures, probably, of a visual character. 

In a word, it may be said that the evidence has been slowly 
accumulating from the morphological side in support of the 
hypothesis that the retina belongs to the cutaneous sensory system. 

The evidence from the physiological side is equally confirma- 
tory. PARKER (’05, p. 419) who has recently carefully reviewed the 
literature states that “This sensitiveness of the vertebrate skin 
to light is probably a remnant of that primitive condition from 
which the lateral retinas were derived, and possibly served as a 
basis from which the temperature terminals of the skin in the 
higher vertebrates developed.” 

In conclusion, then, one may say all the evidence goes to show. 
as JOHNSTON (’05, p. 241) has well stated, that “the retina belongs 
morphologically, as well as physiologically, to the cutaneous 
sensory system.” 
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